
���������
	
����
�����������������
���	������! #"%$&���'
(�)
���	
���
* 
�+,��-. /$&��� �.��$0���1
($32546�7���8��-���-

9;:=<>:@?)A3BDC0EGF H�I7:J9;:@?)ALKMBDNOEGP HRQS:@T�U�NVKXWRA3KMY�Z\[ H@9;:R<]KGALB@^ H�_�:D`ba&BDBDNVc
Q�dDefdDEgZShji&H@k3lflfl

monfprqrs�tvuMq
wDxVy�zg{V|~}~|~���S������y�}=|=zg{V}����/y���yr���6�r�X���X�vz�����z�����y������/|=��yrzX��y�{vzg��y
���M�S��xOy

zX�r�X�V����|~���V�X|~��yr�@�O�����O�O�ry
��{\�,z]����yr�V�X��|~���rzX�,�/�����/|=�/y�z���|~���V}~yM�O�V�X�O��|~���Mzg��|=�My
��yr��xV�V|=�\�VyX�R�7�/����yr�\����yr��yrzg����x�y��/�V}~�M|�������xOy���xVy
z����Dz
�Gy��vyr}=�O��|~��{����/�o��|~�����Vy
�����Oy ��yr����zX�V��zX�VzX}��/¡ry��r�X���X�vz���������yr�O�M��|~�r��¢#��zg��xVy���zg��|~�
zX}0�����/yr}��g£R��xV|~�
���/����yr�¤�r�M�O�V}~yr�@��xVy�¥Myr�Oy���zg��|~�X�¦�g£0��xVyr��y]zX���M�V����|~�]�V�X|=��y����@|���x���xVy��O���X�vzg¥Gzg�
��|~�M�o�X£3��xOy§���M�O�v�ozX�V�o��xOy
zg�R�Dz��Myr�D��xO���X�V¥Mx���xVy�� xOyr���R�
z
��|��¨�\�ª©��6�X�O�R|~�O|~��|=zg}
|~�/�Myr����|~¥Gzg��|~�X�V���Dy��r�X�V��|=�Oy �,z��M�Vy �¨�/|~��yr�V��|~�M�VzX}«�RxO�M���M¥Xyr�Vy��M�V����|~���r�\yr}=zg����|=�
�����Oyr}«�&¢¬�\�vzX��|���}~|~�Vy
z�����|~���r�\yr}=zg����|=�]������yr������������zX|~�,��y�}Jz���|~�M�V��xO|~�,�Rzg���/���M���X��y
�
{\��­V�V�O¥,® ¯g°±£²�g��z��Xzg��|~y����6�g£f{O|=�X}~�M¥M|~�
zg}3��|~�����Vyr�r��wDxO�M�V¥Xx)zg�,y�³jyr� ��|=�My§�����Oyr}«�
��xV|~�0£²�X�����V}=zg��|~�X���O��yr��yr�\���&��|~¥M�V|��V�
zX�\���r�M���O�O��zg��|~�X�vzX}V�O|�´��r�O}���|=y��7|~���/�/�vzg��|~�
��|����vzg��|~�X�V�r�fµ�y&�/��yr��yr�\�f��y��Gy���zX}�zg}���y����vz���y7�r�X�V����|����O��|~�Gy0��yr}=zg��|~�M�O�r�M{VzX��y
���M�]zg�
|~����y ���vzX}3�Mz���|Jzg{V}~y�£¶�X�����V}=zg��|~�M�±����xvz���zX�O�O���
�/|~��zg��y�­V�V�O¥O· �¸�r�X�V����|����O��|~�Gy���yr}=zg�
��|~�M�(�7yr}~}O�@xVy��!�M�/��|=��|~¡ryr�±�&¹,�g��y�|~�����g����zX�\��}��\�X��yr���O}����&£J���M�º��xVyR�r�g����yr�����M�V�/�
|~�V¥!���/�vzX��|~�������Oyr}~�R��z���� x��Dy�}=}j�@|���x,��|~�(�O}=zg��y
�o�Vz���z��X£3�Rz
�Gy§�/���M�vzg¥Gz���|=�X�
��xO���X�V¥Mx,z(xV�X���M¥Xyr�Vyr�X�V�@���X£J�@��|=�����Oy���}~|=»My�¥Myr}«�

¼¤½�¾X¿7ÀvÁÂ½�¾MÃ�Ä/Å�Æ&Ç&ÈªÉMÀVÄ/¾�Ê6Ë�½jÅMÅXÃ�Ì7ÄO½�¾XÃ�ÍLÎ�Ï�ÐVÑ�Ò'ÓVÔ�Õ±ÖG×VØoÙMÚjÕ±ÖG×VÛOÓOÚ
Ü>ÀOÝªÞ6Í±ß\à7Å�½jÎ�à%á�¿&ß\½jÅMÀvÅ/Ï�â�ã äOå±æ�çVæ\è é¶êjç,ë�ìjíMæ�ã�î§æGï/íMëgÕvêjäOêjðJé¶êjíMæ�ã�ïvé¶ë�ñ�ävíXð¶æOë�è�é¶ñ

ò æ�è íXã é²æ�ð²ëgÕ�é¶êvï/íXã�ë í�å±ã äOójðJí ò ëgô

õ ö0÷,øDùRú�û'ü8ý¸øDþgú6÷
ÿ ä/ã�ä/ê±æ/ã��8æ�ã è íXã�����é²ë�íMæ/ë í�� ÿ�� Ø	��é¶ë(è�ìjí)ó�
jé¶ð��

±å;ä���åjð²æ���
jí���ñrìjäOðJíMë�è�ígã�ä/ð¨ÕfñXæ�ð²ñ�é�
 ò Õæ�ê���åjð²æ\è�ígð¶í�è�ë���éJê�è�ìjí�éJê±êjígã�î§æ�ð¶ðªä��Dñ�äOã äOê±æ�ã���æ�ã è íXã é¶íXë��vêjä\î�ê8æ/ë�ë�è ígê±äOë é¶ë§é¶ê�î�ì±é¶ñrì

������� �!��"�#%$�"�&'�)(!�)*�",+.-0/1�32 +)/1���4�,/ 56+'��$�7986:;�,*��,/1$���<�=�$�>0?�@�A�B;< CD$�"E�,-F�G*�",$�H1/1�6*I2 �,*��!�DJK�6/ L4��",(!/ �NM <
&K*�H1��/1O�-�<PCI��@4Q�R�S�B�TU?�@�A�BV�W ��X6YI+�$�:6(E�,/1+�(DZN�6+�< B�B�[4A\�G���4�,"!�]L;/1�]^`_I"!/ L4�4<P2a:6/ �!�9b�b�[6<P&K*�H1�)/1O�-c<�Cd��@4Q�R�A�Re W ��X6YI+�$�:6(E�,/1+�(DZN�6+�< B�B�[4A\�G���4�,"!�]L;/1�]^`_I"!/ L4�4<P2a:6/ �!�9b�b�[6<P&K*�H1�)/1O�-c<�Cd��@4Q�R�A�Rf ����� �!��"�#%$�"�&'�)(!�)*�",+.-0/1�32 +)/1���4�,/ 56+'��$�7986:;�,*��,/1$���<�=�$�>0?�@�A�B;< CD$�"E�,-F�G*�",$�H1/1�6*I2 �,*��!�DJK�6/ L4��",(!/ �NM <
&K*�H1��/1O�-�<PCI��@4Q�R�S�B�TU?�@�A�Bg ����� �!��"�#%$�"�&'�)(!�)*�",+.-0/1�32 +)/1���4�,/ 56+'��$�7986:;�,*��,/1$���<�=�$�>0?�@�A�B;< CD$�"E�,-F�G*�",$�H1/1�6*I2 �,*��!�DJK�6/ L4��",(!/ �NM <
&K*�H1��/1O�-�<PCI��@4Q�R�S�B�TU?�@�A�B

Ù



Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number. 

1. REPORT DATE 
15 AUG 2000 2. REPORT TYPE 

3. DATES COVERED 
  00-00-2000 to 00-00-2000  

4. TITLE AND SUBTITLE 
Modeling and Computation of Propagating Waves from Coronary
Stenoses 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
North Carolina State University,Center for Research in Scientific 
Computation,Raleigh,NC,27695-8205 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release; distribution unlimited 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 
see report 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 

18. NUMBER
OF PAGES 

21 

19a. NAME OF
RESPONSIBLE PERSON 

a. REPORT 
unclassified 

b. ABSTRACT 
unclassified 

c. THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



Acoustic Waves

Turbulence Stenosis
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